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Description 

BACKGROUND OF THE INVENTION 
5 Field of the invention 

[0001] The present Invention relates to a fuel cell generator, and more specifically to a fuel cell generator for protecting 
a electrocatalyst in a fuel cell from poisoning by carbon monoxide. 

10 Description of the Related Art 

[0002] Fuel cells are known apparatus in which the chemical energy of a fuel is converted directly into electrical 
energy. The fuel cell generally has a pair of electrodes arranged across an electrolyte, where the surface of one elec- 
trode comes into contact with reactive gaseous hydrogen (gaseous fuel) while the surface of the other electrode being 
15 in contact with an oxidizing gas containing oxygen. The electrical energy is generated between the electrodes through 
the electrochemical reactions occurring by the contact. 

[0003] A gaseous fuel supplied to such a fuel cell is generated by a reformer, where methanol is steamn-eformed 
according to the following reactions: 
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CH3OH ^ CO + 2H2 - 21.7 kcal/mol (endothermic reaction) (1) 
CO + HgO -> CO2 + + 9.8 kcal/mol (exothermic reaction) (2) 

CH3OH + HgO CO2 + - 1 1 .9 kcal/mol (endothermic reaction) (3) 

[0004] Carbon monoxide (CO) generated by the reaction (1) is attracted to platinum or platinum-containing alloy 
acting as electrocatalyst of the fuel electrode and interferes with the catalytic action of platinum. This is generally 
referred to as poisoning of electrocatalyst. Such a fuel cell generator accordingly requires a structure which allows 
presence of carbon monoxide included in the gaseous fuel fed from the reformer 

[0005] A proposed fuel cell generator for solving the above problem (JAPANESE PATENT LAYING-OPEN GAZETTE 
No. S-63-232272) has a sensor disposed at an inlet of a gaseous fuel supply conduit in a fuel cell for detecting the 
concentration of carbon monoxide. The system raises the temperature of the fuel cell according to the high concen- 
tration of carbon monoxide detected by the sensor. The allowable concentration of carbon monoxide for the fuel cell 
increases with an increase in temperature. When the sensor detects the high concentration of carbon monoxide, the 
structure raises the temperature of the fuel cell to increase the allowable concentration of carbon monoxide for the fuel 
cell. 

[0006] This conventional system, however, can not sufficiently cancel the poisoning since there is a time lag between 
detection of an increase in concentration of carbon monoxide by the sensor and actual occurrence of carbon poisoning. 
[0007] The time lag between detection of an increase and actual occurrence of carbon poisoning is ascribed to the 
following reasons. Hydrogen in a gaseous fuel is consumed through electrochemical reactions at the electrode. The 
gaseous fuel in a gas channels disposed facing to the electrode accordingly has higher concentrations of carbon 
monoxide (ratio of carbon monoxide to gaseous hydrogen) at places closer to an outlet of the gas channels. The 
detected concentration of carbon monoxide at the inlet of the gas channels does not represent the increased concen- 
tration of carbon monoxide over the surface of the electrode, which actually affects the electrocatalyst poisoning. It is 
thus difficult to determine whether the electrocatalyst is being poisoned with high accuracy, based on the detection of 
the sensor. When the sensor detects the high concentration of carbon monoxide, for example, the concentration of 
carbon monoxide may have already increased at the outlet, which is far from the inlet with the sensor. This may result 
in severe poisoning of electrocatalyst and prevent an efficient countermeasure from being taken against the electro- 
catalyst poisoning without delay. 

[0008] The sensor conventionally applied has poor performance. A sensor for detecting the concentration of carbon 
monoxide generally follows a constant-potential electrolytic system. This is significantly affected by hydrogen and can 
not measure the concentration of carbon monoxide with high accuracy when the ratio of carbon monoxide to hydrogen 
is relatively small like gaseous fuel. Detection of the sensor accordingly has some errors, and it is impossible to accu- 
rately determine the occurrence of electrocatalyst poisoning based on the detection of the sensor. Such problems are 
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especially prominent In polymer electrolyte fuel cells, wherein a electrocatalyst Is easily poisoned by a low concentration 
of carbon monoxide. The sensor of low reliability may delay detection of electrocatalyst poisoning and thereby execution 
of a countermeasure against the electrocatalyst poisoning. 

5 SUMMARY OF THE INVENTION 

[0009] The object of the invention is thus to definitely detect and cancel poisoning of electrocatalyst in a fuel cell 
without delay. 

[0010] The above and the other objects are realized by a fuel cell generator for generating an electromotive force 
10 through an electrochemical reaction of a reactive gas according to claim 1 and by a fuel cell generating method for 
generating an electromotive force through an electrochemical reaction of a reaction gas according to claim 16. Further 
advantageously features of the invention are the Subject-matters of the dependent Claims. 

[0011] According to one preferable structure, the fuel cell generator further comprises gas utilization calculating 
means for calculating a degree of utilization of the reactive gas on the first electrode. In this structure, it is preferable 

15 that the estimation means is provided with prohibition means for prohibiting the estimation of the degree of poisoning 
when the degree of utilization of the reactive gas represents insufficiency of the reactive gas. 
[0012] The gas utilization calculating means preferably comprises: required flow calculation means for calculating a 
required flow of the reactive gas to the electrode; actual supply calculation means for calculating an actual supply of 
the reactive gas to the electrode; and difference calculation means for calculating a difference between the required 

20 flow and the actual supply. 

[0013] According to another preferable structure, the reactivity difference detecting means in provided with temper- 
ature difference detecting means for detecting a difference In temperature between the inlet and the outlet of the flow 
path. 

[0014] In an alternative structure, the reactivity difference detecting means has electrical output difference detecting 
25 means for detecting a difference in electrical output of the first electrode between the inlet and the outlet of the flow path. 
[0015] According to still another possible structure, the poisoning cancellation means has gas flow control means 
for controlling a flow direction of the reactive gas to thereby reduce the poisoning. 

[0016] In this structure, it is preferable that the poisoning cancellation means further comprises: a second electrode 
having a surface with a electrocatalyst applied thereon, an oxidizing gas being fed to a surface of the second electrode; 
30 oxidizing gas flow control means for controlling a flow direction of the oxidizing gas, to make the flow direction of the 
oxidizing gas identical with the flow direction of the reactive gas. 

[0017] In the stmcture above, it is also preferable that the fuel cell generator further comprises a coolant conduit 
running substantially parallel to the surface of the electrode for passing a coolant parallel the flow direction of the 
reactive gas. In this case, the poisoning cancellation means has coolant flow control means for controlling a flow 

35 direction of the coolant through the coolant conduit to thereby reduce said poisoning. 

[0018] It Is further preferable that the fuel cell generator has: temperature control means for varying temperature of 
the coolant fed to the coolant conduit; and flow control means for varying a flow of the coolant fed to the coolant conduit. 
In this structure, the poisoning cancellation means preferably has cooling heat quantity control means for activating 
the temperature control means and the flow control means to lower the temperature and the flow of the coolant, so as 

40 to maintain a quantity of heat adsorbable by the coolant constant. 

[0019] According to another preferable application, the fuel cell generator also has reformer means for reforming a 
fuel to generate the reactive gas, wherein the poisoning cancellation means has reforming suppression means for 
forcibly lowering a concentration of carbon monoxide included in the reactive gas. It is also preferable that the poisoning 
cancellation means further comprises: gas flow reversion means for reversing the flow direction of the reactive gas 

45 along the surface of the first electrode; and selective activating means for selectively activating one of the gas flow 
reversion means and the reforming suppression means according to the degree of poisoning of electrocatalyst esti- 
mated by the estimation means. 

[0020] According to still another application, the poisoning cancellation means has supply pressure increasing means 
for temporarily increasing a supply pressure of the reactive gas to the first electrode. In this case, it is preferable that 
50 the poisoning cancellation means further comprises: gas flow reversion means for reversing the flow direction of the 
reactive gas along the surface of the first electrode; and selective activating means for selectively activating one of the 
gas flow reversion means and the supply pressure increasing means according to the degree of poisoning of electro- 
catalyst estimated by the estimation means. 

[0021] According to another preferable application, the poisoning cancellation means comprises stop means for 
55 substituting the reactive gas with a purge gas flowing along the surface of the electrode to stop generation of the 
electromotive force. The poisoning cancellation means also has: gas flow reversion means for reversing the flow di- 
rection of the reactive gas along the surface of the first electrode; and selective activating means for selectively acti- 
vating one of the gas flow reversion means and the stop means according to the degree of poisoning of electrocatalyst 
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estimated by the estimation means. 

[0022] These and other objects, features, aspects, and advantages of the present invention will become more ap- 
parent from the following detailed description of the preferred embodiments with the accompanying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Fig. 1 is a block diagram schematically Illustrating a structure ofa fuel cell generator system 1 as a first embodiment 
10 according to the invention; 

Fig. 2 is a cross sectional view showing the fuel cell 10; 

Fig. 3 is a decomposed perspective view illustrating the fuel cell 10; 

Fig. 4 shows flows of gaseous fuel based on the on-off operations of the first through the fourth solenoid valves 
51 through 54; 

15 Fig. 5 is a flowchart showing a gaseous fuel control routine executed by the CPU 72 of the electronic control unit 

70 in the first embodiment; 

Fig. 6 is a block diagram schematically showing a modification of the first embodiment; 

Fig. 7 is a block diagram schematically Illustrating a fuel cell generator system 200 as a second embodiment 

according to the invention; 

20 Fig. 8 is a flowchart showing a gaseous fuel control routine executed by the CPU 72 of the electronic control unit 

70 in the second embodiment; 

Fig. 9 is a block diagram schematically illustrating a fuel cell generator system 300 as a third embodiment according 
to the Invention; 

Fig. 1 0 is a flowchart showing a gaseous fuel control routine executed by the CPU 72 of the electronic control unit 
25 70 in the third embodiment; 

Fig. 11 is a block diagram schematically illustrating a fuel cell 10 and peripheral elements in a fuel cell generator 
system 400 as a fourth, embodiment according to the invention; 

Fig. 12 is a flowchart showing a gaseous fuel control routine executed by the CPU 72 of the electronic control unit 
70 in the fourth embodiment; 

30 Fig. 13 is a block diagram schematically illustrating a structure of a fuel cell generator system 500 as a fifth em- 

bodiment according to the invention; 

Fig. 14 is a block diagram schematically illustrating a structure of a fuel cell generator system 600 as a sixth 
embodiment according to the Invention; 

Fig. 15 is a block diagram schematically illustrating a structure of a fuel cell generator system 700 as a seventh 
35 embodiment according to the invention; and 

Figs. 16 and 17 are flowcharts showing a control routine executed by the CPU 772 of the electronic control unit 
770 in the seventh embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 

[0024] Fig. 1 is a block diagram schematically illustrating a structure of a fuel cell generator system 1 as a first 
embodiment according to the invention. The fuel cell generator system 1 Includes a fuel cell 10 composed of a solid 
polymer electrolyte for generating electrical energy, a reformer 16 for generating hydrogen-rich gas from methanol 
stored in a methanol reservoir 12 and water stored in a water reservoir 14, a gaseous fuel supply conduit 18 for feeding 
45 the hydrogen-rich gas generated by the reformer 1 6 as a gaseous fuel to the fuel cell 1 0, and a gas discharge conduit 
20 for discharging residual gas from the fuel ceil 1 0. The fuel cell generator system 1 is further provided with an electric 
control system 22 including a microcomputer. 

[0025] A typical structure of the fuel cell 10 composed of a solid polymer electrolyte Is described according to the 
cross sectional view pf Fig. 2 and the decomposed perspective view of Fig. 3. The fuel cell 10 includes an electrolyte 

50 membrane 31 , an anode 32 and a cathode 33 an-anged across the electrolyte membrane 31 to work as gas diffusion 
electrodes, first and second separators 34 and 35 disposed respectively outside the anode 32 and the cathode 33 to 
constitute flow paths for flows of gaseous fuel and oxidizing gas, and first and second cun^ent collectors 36 and 37 
disposed respectively outside the first and the second separators 34 and 35 to woric as cun-ent-collecting electrodes. 
[0026] The electrolyte membrane 31 is an ion-exchange membrane composed of polymer material, such as fluor- 

55 oresin. and has favorable electrical conductivity under wet condition. The anode 32 and the cathode 33 are composed 
of carbon cloth, which is woven of cartx)n fibers and contains carbon powder with platinum acting as a electrocatalyst. 
[0027] The first and the second separators 34 and 35 are composed of dense carbon plates. The first separator 34 
has a plurality of ribs, which constitute, in connection with the surface of the anode 32, a plurality of first channels 34p 
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allowing flows of gaseous fuel. The second separator 35 also has a plurality of ribs, which constitute, in connection 
with the surface of the cathode 33, a plurality of second channels 35p allowing flows of oxidizing gas. The first and the 
second current collectors 36 and 37 are composed of copper (Cu). 

[0028] Each single cell element of the fuel cell 10 has the structure described above. In actual configuration of the 
5 fuel cell 10, plural cell elements of first separator 34/anode 32/electrolyte membrane 31/cathode 33/second separator 
35 are laid one upon another, and the first and the second current collectors 36 and 37 are disposed outside the plural 

cell elements. 

[0029] Referring back to Fig. 1 , the gaseous fuel supply conduit 18 and the gas discharge conduit 20 have a piping 
structure, which includes a main pipe 40 connecting with the reformer 16, first and second branch pipes 41 and 42 

10 connecting with the main pipe 40, a combined pipe 43 connecting with the first and the second branch pipes 41 and 
42, a first connecting pipe 44 branching off in the middle of the first branch pipe 41 and connecting with a first fuel gas 
inlet/outlet 10a on one side of the fuel cell 10, and a second connecting pipe 45 branching off in the middle of the 
second branch pipe 42 and connecting with a second fuel gas inlet/outlet 10b on the other side of the fuel cell 10. The 
first fuel gas inlet/outlet 1 0a is connected to a manifold (not shown) and further to the plurality of first channels 34p of 

15 the fuel cell 10 via the manifold. The second fuel gas inlet/outlet 10b is also connected to another manifold (not shown) 
and further to the plurality of first channels 34p of the fuel cell 1 0 via the manifold. 

[0030] A first solenoid-operated on-off valve 51 (hereinafter referred to as solenoid valve) is disposed before a first 
joint 44a (on the side closer to the reformer 16) in the first branch pipe 41, whereas a second solenoid valve 52 is 
disposed after the first joint 44a. A third solenoid valve 53 is disposed before a second joint 45a (on the side closer to 

20 the reformer 1 6) in the second branch pipe 42, whereas a fourth solenoid valve 54 is disposed after the second joint 45a. 
[0031] In the gaseous fuel supply conduit 18 and the gas discharge conduit 20 thus constructed, while the first 
solenoid valve 51 and the fourth solenoid valve 54 are open and the second solenoid valve 52 and the third solenoid 
valve 53 are closed as shown in Fig. 4(a), a gaseous fuel supplied from the reformer 16 passes through the main pipe 
40 and the first solenoid valve 51 of the first branch pipe 41 and goes from the first joint 44a to the first fuel gas inlet/ 

25 outlet 1 0a as shown by the one-dot chain line. The gaseous fuel fed into the fuel cell 1 0 goes downward (in the drawing) 
and is consumed through electrochemical reactions at the anode 32. In general procedures, the amount of hydrogen 
contained in the gaseous fuel or hydrogen-rich gas supplied to the fuel cell 10 is greater than a required amount of 
hydrogen determined by calculation. Unconsumed hydrogen through the electrochemical reactions and carbon dioxide 
contained in the hydrogen-rich gas but not concerned in the electrochemical reactions are discharged as residual gas 

30 from the second fuel gas inlet/outlet 10b of the fuel cell 10. The residual gas then passes through the fourth solenoid 
valve 54 of the second branch pipe 42 via the second joint 45a and is discharged from the combined pipe 43 to the 
atmosphere. This flow of gaseous fuel is defined as flow in the normal direction. The fuel cell is maintained under such 
condition during initial operations. 

[0032] While the second solenoid valve 52 and the third solenoid valve 53 are open and the first solenoid valve 51 
35 and the fourth solenoid valve 54 are closed as shown in Fig. 4(b), on the contrary, a gaseous fuel supplied from the 
reformer 16 passes through the main pipe 40 and the third solenoid valve 53 of the second branch pipe 42 and goes 
from the second joint 45a to the second fuel gas inlet/outlet 10b as shown by the one-dot chain line. The gaseous fuel 
fed into the fuel ceil 10 goes upward (in the drawing) and is consumed through electrochemical reactions at the anode 
32. The residual gas discharged from the first fuel gas inlet/outlet 10a of the fuel celt 10 passes through the second 
40 solenoid valve 52 of the first branch pipe 41 via the first joint 44a and is discharged from the combined pipe 43 to the 
atmosphere. This flow of gaseous fuel is defined as flow in the reverse direction. 

[0033] Referring again to Fig. 1, the control system 22 arranged at the first channels 34p (see Fig. 2) works as a 
sensor for detecting conditions of the fuel cell 10. The control system 22 includes first and second temperature sensors 
61 and 63 for detecting temperatures on the surface of the anode 32, and an electronic control unit 70 connecting with 
<5 the first and the second temperature sensors 61 and 63. The first and the second temperature sensors 61 and 63 are 
thermocouples attached to both ends of one channel selected among the plurality of first channels 34p. The first tem- 
perature sensor 61 and the second temperature sensor 63 are respectively disposed in an upper half and a lower half 
in the drawing of Fig. 1. 

[0034] The electronic control unit 70 constructed as a logic circuit with a microcomputer includes a CPU 72 for ex- 
50 ecuting predetermined operations according to preset control programs, a ROM 74 which control programs and control 
data required for execution of various operations by the CPU 72 are previously stored in, a RAM 76 which various data 
required for execution of various operations by the CPU 72 are temporarily written in and read from, an input circuit 
78 for receiving output signals from the first and the second temperature sensors 61 and 63, and an output circuit 79 
for outputting on/off signals to the first through the fourth solenoid valves 51 through 54 based on the results of oper- 
55 ations by the CPU 72. 

[0035] The CPU 72 of the electronic control unit 70 receives the output signals from the first and the second tem- 
perature sensors 61 and 63 and calculates a temperature difference between both ends of the selected first channel 
34p where the first and the second temperature sensors 61 and 63 are disposed. The CPU 72 controls on and off the 
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first through the fourth solenoid valves 51 through 54 based on this temperature difference and changes the flow 
direction of gaseous fuel supplied to the first channels 34p in the fuel cell 10. 

[0036] Fig. 5 is a flowchart showing a gaseous fuel control routine for changing the flow direction of gaseous fuel. 
The gaseous fuel control routine is executed repeatedly by the CPU 72 of the electronic control unit 70 at predetermined 

5 time intervals. When the program enters the routine, the CPU 72 reads a first electrode temperature T1 detected by . 
the first temperature sensor 61 and a second electrode temperature T2 detected by the second temperature sensor 
63 at step S1 10. A temperature difference TS is calculated by subtracting the second electrode temperature T2 from 
the first electrode temperature T1 at step SI 20. It is then determined whether the temperature difference TS is greater 
than a predetermined level TA (>0) at step SI 30. 

10 [0037] When the answer is YES at step SI 30, that is, when the temperature difference TS is determined to be greater 
than the predetermined level TA, the program goes to step S140, at which the CPU 72 transfers valve-close signals 
to the first solenoid valve 51 and the fourth solenoid valve 54 while sending valve-open signals to the second solenoid 
valve 52 and the third solenoid valve 53 to close the first and the fourth solenoid valves 51 and 54 and open the second 
and the third solenoid valves 52 and 53. Such control allows the gaseous fuel to fiow In the reverse direction in the 

15 fuel cell 10 as shown in Fig. 4(b). 

[0038] The affirmative answer is obtained at step SI 30. when the first electrode temperature T1 detected by the first 
temperature sensor 61 is greater than the second electrode temperature T2 detected by the second temperature sensor 
63 by a value greater than the predetermined level TA. Such a large temperature difference Is ascribed to the fact that 
different places on the surface of the anode 32 have different degrees of poisoning. Places with higher degrees of 

20 poisoning have lower outputs, while electric cun-ent concentrates on places with lower degrees of poisoning. This 
results in a temperature decrease on the places with higher degrees of poisoning and a temperature increase on the 
places with lower degrees of poisoning. 

[0039] As described previously, places closer to the outlet of the first channels 34p have higher concentrations of 
carbon monoxide. This means that the places closer to the outlet have higher degrees of poisoning and thereby lower 

25 temperatures. When the gaseous fuel flows in the normal direction as shown in Fig. 4(a), the first temperature sensor 
61 disposed on the side of the first fuel gas Inlet/outlet 10a detects a higher value for the first electrode temperature 
T1 , whereas the second temperature sensor 63 disposed on the side of the second fuel gas inlet/outlet 10b detects a 
lower value for the second electrode temperature T2. This leads to the affirmative answer at step SI 30, 
[0040] The process at step S140 under such conditions makes the gaseous fuel flow in the reverse direction from 

30 the second fuel gas inlet/outlet 10b to the first fuel gas inlet/outlet 10a as shown in Fig. 4(b). This back flow feeds the 
gaseous fuel with a relatively low concentration of carbon monoxide to a place in the vicinity of the second fuel gas 
Inlet/outlet 10b previously poisoned by carbon monoxide. Poisoning of platinum electrocatalyst by carbon monoxide 
significantly depends upon the concentration of carbon monoxide. The lower concentration of carbon monoxide works 
to cancel the poisoning of the electrocatalyst and activates the electrochemical reactions in the vicinity of the second 

35 fuel gas inlet/outlet 10b. thereby raising the temperature to a normal level in the vicinity of the second fuel gas inlet/ 
outlet 1 0b. This also cancels the excessive concentration of electric cun-ent on the first fuel gas inlet/outlet 1 0a, thereby 
lowering the temperature to a normal level in the vicinity of the first fuel gas inlet/outlet 10a. The process executed at 
step S140 gradually cancels the temperature difference TS between the second electrode temperature T2 detected 
by the second temperature sensor 63 disposed close to the second fuel gas inlet/outlet 10b and the first electrode 

40 temperature T1 detected by the first temperature sensor 61 disposed close to the first fuel gas inlet/outlet 10a. 

[0041] The predetermined level TA used at step S1 30 for comparison with the temperature difference TS as a criterion 
for poisoning depends upon each fuel cell 10. Even in normal operations causing no poisoning of electrocatalyst, a 
significant temperature difference TS may be observed under the following conditions: a large electrode area of the 
fuel cell 1 0 or a large temperature difference between the inlet temperature of cooling water of the fuel cell 1 0 and the 

45 operation temperature of the fuel cell 10. In general procedures, the first and the second electrode temperatures T1 
and T2 are detected first for a gas containing no carbon monoxide fed to the fuel cell 10 and then for a gaseous fuel 
containing a known concentration of carbon monoxide. A criterion for poisoning of electrocatalyst is determined based 
on these data of temperature differences between T1 and T2. In this embodiment, a temperature difference of 3 through 
5 °C greater than the normal temperature difference TS between T1 and T2 is used as a criterion for poisoning of 

50 electrocatalyst. 

[0042] Referring back to the fiowchart of Fig. 5, when the answer is NO at step SI 30, that Is, when the temperature 

difference TS is determined to be not greater than the predetermined level TA, the program proceeds to step SI 50 at 
which it is determined whether the temperature difference TS is smaller than -TA, an additive Inverse or negative of 
the predetermined level TA. This is equivalent to determining whether a temperature difference -TS calculated by 
55 subtracting the first electrode temperature T1 from the second electrode temperature T2, that is, an additive inverse 
of the temperature difference TS, Is greater than the predetermined level TA. 

[0043] When the answer is YES at step S1 50, that is, when the additive inverse -TS is determined to be greater than 
the predetermined level TA, the program goes to step SI 60, at which the CPU 72 transfers valve-open signals to the 
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first solenoid valve 51 and the fourth solenoid valve 54 while sending valve-close signals to the second solenoid valve 
52 and the third solenoid valve 53 to open the first and the fourth solenoid valves 51 and 54 and close the second and 
the third solenoid valves 52 and 53. Such control allows the gaseous fuel to flow in the normal direction in the fuel cell 
10 as shown in Fig. 4(a). 

5 [0044] The affirmative answer is obtained at step S1 50. when the second electrode temperature T2 detected by the 
second temperature sensor 63 Is greater than the first electrode temperature T1 detected by the first temperature 
sensor 61 by a value greater than the predetermined level TA. Such a large temperature difference is observed when 
poisoning of electrocatalyst arises again in normal operations of the fuel cell 1 0, after the flow direction of gaseous fuel 
is changed once through the process at steps SI 30 and S140 to cancel the poisoning of electrocatalyst, when the first 

10 electrode temperature T1 Is greater than the second electrode temperature T2 by a value greater than the predeter- 
mined level TA. When the gaseous fuel flows in the reverse direction as shown in Fig. 4(b), places closer to the first 
fuel gas inlet/outlet 10a have higher concentrations of carbon monoxide, which leads to poisoning of electrocatalyst. 
The first electrode temperature T1 detected by the first temperature sensor 61 disposed on the side of the first fuel 
gas inlet/outlet 10a accordingly becomes lower than the second electrode temperature T2 detected by the second 

15 temperature sensor 63 disposed on the side of the second fuel gas inlet/outlet 1 0b. This leads to the affirmative answer 
at step SI 50. 

[0045] The process at step SI 60 under such conditions makes the gaseous fuel flow in the normal direction from 
the first fuel gas inlet/outlet 10a to the second fuel gas inlet/outlet 10b as shown in Fig. 4(a). Change of the flow from 
the reverse direction to the normal direction feeds the gaseous fuel with a relatively low concentration of carbon mon- 

20 oxide to a place In the vicinity of the first fuel gas inlet/outlet 10a previously poisoned by carbon monoxide. The lower 
concentration of carbon monoxide works to cancel the poisoning of the electrocatalyst and activates the electrochemical 
reactions in the vicinity of the first fuel gas inlet/outlet 10a, thereby raising the temperature to a normal level in the 
vicinity of the first fuel gas inlet/outlet 10a. This also cancels the excessive concentration of electric current on the 
second fuel gas inlet/outlet 10b, thereby lowering the temperature to a normal level In the vicinity of the second fuel 

25 gas Inlet/outlet 10b. The process executed at step S160 gradually cancels the temperature difference TS between the 
first electrode temperature T1 and the second electrode temperature T2. 

[0046] After the process at step SI 40 or SI 60 for canceling the temperature difference, the program goes to step 
SI 70 at which the further process is delayed by a predetermined time sufficient for thorough cancellation of the tem- 
perature difference TS. The delay time depends upon the structure of each fuel cell 10, for example, the length and 

30 diameter of piping of the fuel cell, positions of the on-off valves, the gas flow rate, and the gas pressure. It is thus 
essential to measure a time required for thorough cancellation of electrocatalyst poisoning for each fuel cell. The delay 
time is preferably set 1 .2 through 1 .5 times the required time for thorough cancellation. After the process at step SI 70, 
the program goes to RETURN to exit from the routine. When the answer is NO at step SI 50, the program also goes 
to RETURN to exit from the routine. 

35 [0047] The fuel cell generator system 1 of the first embodiment detects the temperatures T1 and T2 on both ends 
of a selected first channel 34p with the first and the second temperature sensors 61 and 63 and checks for poisoning 
of electrocatalyst on the anode 32 based on the temperature difference TS between T1 and T2. The temperature 
difference on the surtace of the anode is closely related to the poisoning of electrocatalyst. This system accordingly 
determines the degree of poisoning of the electrocatalyst with high accuracy. 

40 [0048] When poisoning of electrocatalyst is observed, the fuel cell generator system 1 controls on and off the first 
through the fourth solenoid valve 51 through 54 to change the flow direction of gaseous fuel running through the first 
channels 34p arranged along the anode 32. The reversion of flow direction changes the outlet of reactive gas having 
a higher degree of poisoning to the inlet of reactive gas. This allows the places with higher degrees of poisoning to be 
exposed to the reactive gas with a relatively low concentration of carbon monoxide, so as to cancel the existing poi- 

45 soning and prevent further poisoning. This system definitely cancels poisoning of electrocatalyst in the fuel cell 10 
without delay. 

[0049] In actual structure of the first embodiment, the first solenoid valve 51 and the second solenoid valve 52 are 
disposed at the closest possible position to the first joint 44a, while the third solenoid valve 53 and the fourth solenoid 
valve 54 are at the closest possible position to the second joint 45a. The less amount of residual gas between the first 
50 and the second joints 44a and 45a and the first through the fourth solenoid valves 51 through 54 reduces the amount 
of residual gas flown into the fuel cell 10 in the process of reversion of the flow direction. This effectively protects the 
fuel eel! 10 from adverse effects of residual gas. 

[0050] Although the first embodiment has the four solenoid valves 51 through 54, another four solenoid valves may 
further be added. As shown in Fig. 6. a fifth solenoid valve 55 is disposed on the first branch pipe 41 at a position close 

55 to the main pipe 40, and a sixth solenoid valve 56 on the first branch pipe 41 at a position close to the combined pipe 
43. A seventh solenoid valve 57 Is disposed on the second branch pipe 42 at a position close to the main pipe 40, and 
an eighth solenoid valve 58 on the second branch pipe 42 at a position close to the combined pipe 43. A set of the first 
solenoid valve 51 and the fifth solenoid valve 55, that of the second solenoid valve 52 and the sixth solenoid valve 56, 



7 



EP 0 692 835 B1 



that of the third solenoid valve 53 and the seventh solenoid valve 57. and that of the fourth solenoid valve 54 and the 
eighth solenoid valve 58 are respectively controlled on and off simultaneously. This structure substantially eliminates 
the residual gas in the first branch pipe 41 and the second branch pipe 42, thus more effectively protecting the fuel 
cell 1 0 from adverse effects of the residual gas. 
5 [0051] In place of the structure of the first embodiment with the four solenoid valves 51 through 54. an alternative 
structure changes the flow direction by operating three-way valves or three-port valves disposed at the first joint 44a 
of the first branch pipe 41 and the second joint 45a of the second branch pipe 42. 

[0052] In the first embodiment, the reactivity of electrocatalyst is checked according to the first and the second elec- 
trode temperatures T1 and T2 detected by the first and the second temperature sensors 61 and 63. In a modified 

10 structure, the reactivity of electrocatalyst is checked with two electrometers for detecting electric potentials on the 
surface of the anode 32. The first electrometer is disposed at the position of the first temperature sensor 61 and the 
second electrometer at the position of the second temperature sensor 63. A difference between electric potentials El 
and E2 detected by the first and the second electrometers is used as a criterion for poisoning of electrocatalyst. The 
potential difference on the surface of the anode 32 con-esponds to the difference in reactivity of electrocatalyst between 

15 at the inlet and at the outlet of the gaseous fuel on the electrode. Like the first embodiment, this modified structure 
determines the degree of poisoning of the electrocatalyst with high accuracy. 

[0053] Fig. 7 is a block diagram schematically illustrating a fuel cell generator system 200 as a second embodiment 
according to the invention. The fuel cell generator system 200 has a similar structure to that of the first embodiment, 
except first and second flow sensors 201 and 203 disposed on the first connecting pipe 44 and on the second connecting 

20 pipe 45 for detecting a supply of the gaseous fuel to the fuel cell 10 and an ammeter 205 connecting with the fuel cell 
1 0 for detecting output current from the fuel cell 1 0. The first and the second flow sensors 201 and 203 and the ammeter 
205 are electrically connected to the electronic control unit 70. The CPU 72 of the electronic control unit 70 measures 
the supply of gaseous fuel applied on the anode 32 and determines whether the gaseous fuel control roufine of the 
first embodiment is to be executed or prohibited. 

25 [0054] Fig. 8 is a flowchart showing a gaseous fuel control roufine executed in the second embodiment. The CPU 
72 of the electronic control unit 70 repeatedly executes the gaseous fuel control routine at predetermined time intervals. 
When the program enters the routine, the CPU 72 reads an output curent I of the fuel cell 10 from the ammeter 205 
at step S21 0. The CPU 72 subsequently calculates a flow of gaseous fuel MA theoretically required for the fuel cell 10 
from the output current I at step S220. The program then proceeds to step S230 at which it is determined whether the 

30 gaseous fuel in the fuel cell 10 flows in the normal direction shown in Fig. 4{a) or in the reverse direction shown in Fig. 
4(b). 

[0055] When the flow of gaseous fuel is determined to be in the normal direction at step S230, the program goes to 
step S240 at which the CPU 72 reads from the first flow sensor 201 an actual supply of gaseous fuel MB to the fuel 
cell 1 0 via the first fuel gas inlet/outlet 1 0a. When the flow of gaseous fuel is determined to be in the reverse direction 

35 at step S230, on the contrary, the program goes to step 5250 at which the CPU 72 reads from the second flow sensor 
203 an actual supply of gaseous fuel MB to the fuel cell 10 via the second fuel gas Inlet/outlet 10b. After the process 
at step S240 or S250, the program goes to step S260 at which the actual supply of gaseous fuel MB read either at 
step S240 or at step S250 is compared with the required flow of gaseous fuel MA calculated at step S220. 
[0058] When the actual supply of gaseous fuel MB is determined to be less than the required flow MA of gaseous 

^0 fuel at step S260, the program goes to step S270 at which the flow of gaseous fuel fed to the fuel cell 1 0 is increased. 
The process of increasing the supply of gaseous fijel Is executed by a known method of controlling the reformer 16, 
the methanol reservoir 12, and the water reservoir 14, which is not described here. After the process at step S270, the 
program goes to RETURN to exit from the roufine. 

[0057] When the actual supply of gaseous fuel MB is determined to be not less than the required flow MA of gaseous 
45 fuel at step S260. on the contrary, the supply of gaseous fuel to the fijel cell 10 is sufficient and there is no possibility 
of error in determination of the degree of electrocatalyst poisoning. The program accordingly goes to step S11 0 in the 
flowchart of Fig. 5 and executes the process of steps S110 through SI 70 of the first embodiment before exiting from 
the routine. 

[0058] The fuel cell generator system 200 of the second embodiment does not execute determinafion of the degree 
50 of electrocatalyst poisoning based on the data of the first and the second temperature sensors 61 and 63 nor take any 
countermeasure against the poisoning, when the actual supply of gaseous fuel MB to the fuel cell 1 0 is insufficient and 
less than the required flow MA. The difference in reacfivity of electrocatalyst on the anode 32 depends upon the degree 
of poisoning of the electrocatalyst, when a sufficiently amount of gaseous fuel is fed to the surface of the anode 32. 
An insufficient supply of gaseous fuel due to abrupt loading worsens the reactivity of electrocatalyst which is not poi- 
55 soned significantly. When the supply of gaseous fuel is insufficient, there is a possibility of error in determinafion of the 
degree of electrocatalyst poisoning. The structure of the second embodiment does not determine the degree of elec- 
trocatalyst poisoning under the condlfion of insufficient supply of gaseous fuel, thereby enhancing accuracy of deter- 
mination of the degree of poisoning and efflcienfiy taking the appropriate countermeasure against the electrocatalyst 
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poisoning. 

[0059] In the second embodiment, the actual supply of gaseous fuel MB to the fuel cell 1 0 is detected by selectively 
using the two flow sensors 201 and 203 respectively disposed on the first connecting pipe 44 and the second connecting 
pipe 45 on either side of the first channels 34p. According to an alternative structure, the actual supply of gaseous fuel 

5 MB to the fuel cell Is detected with a flow sensor disposed immediately after the reformer 16 on the main pipe 40. In 
another structure with a mass flow controller disposed on the main pipe 40 for the purpose of flow control, the actual 
supply of gaseous fuel MB is determined according to a control signal to the mass flow controller. In still another 
structure, an evolution of hydrogen or the actual supply of gaseous fuel MB is determined according to the supplies of 
methanol and water to the reformer 16 and the temperature of reforming electrocatalyst charged into the reformer 16. 

10 [0060] The structure of the second embodiment does not determine the degree of electrocatalyst poisoning, when 
the actual supply of gaseous fuel MB to the fuel cell 1 0 is less than the required flow MA. A modified structure calculates 
a deviation AM of the actual supply of gaseous fuel MB from the required flow MA and varies the predetermined level 
TA, used at steps S130 and S150 (see Fig. 5) as the criterion for electrocatalyst poisoning, according to the deviation 
AM. This modified structure further enhances the accuracy in determination of the degree of electrocatalyst poisoning. 

15 [0061] Fig. 9 is a block diagram schematically illustrating a fuel cell generator system 300 as a third embodiment 
according to the Invention. The fuel cell generator system 300 has a similar structure to that of the first embodiment, 
except that a reformer unit 301 , a shift reaction unit 302, and a partial oxidizing unit 303 constituting the reformer 16 
are electrically connected with the electronic control unit 70. The CPU 72 of the electronic control unit 70 controls the 
reformer unit 301 , the shift reaction unit 302, and the partial oxidizing unit 303 to vary the quality of hydrogen-rich gas 

20 fed as the gaseous fuel. 

[0062] Fig. 1 0 is a flowchart showing a gaseous fuel control routine executed by the CPU 72 of the electronic control 
unit 70 in the third embodiment. The gaseous fuel control routine is repeatedly executed at predetermined time intervals. 
When the program enters the routine, the CPU 72 reads a first electrode temperature T1 and a second electrode 
temperature T2 from the first temperature sensor 61 and the second temperature sensor 63, and calculates a temper- 

25 ature difference TS between T1 and T2 at steps S310 and S320, in the same manner as steps S110 and S120 of the 
first embodiment. 

[0063] The program then goes to step S322 at which it is determined whether the absolute value of the temperature 
difference TS calculated at step S320 is less than a predetermined first value TA and greater than a predetermined 
second value TB (>0). The predetermined first value TA is identical with the predetermined level TA used at step S130 

30 in the first embodiment and used as the criterion for electrocatalyst poisoning. The predetermined second value TB is 
smaller than the predetermined first value TA and used as a criterion for an indication of electrocatalyst poisoning, that 
is, a pre-stage of electrocatalyst poisoning or light electrocatalyst poisoning. In this embodiment, the predetermined 
first value TA is 3 through 5 °C like the first embodiment, and the predetermined second value TB is 2 through 3 °C. 
[0064] When the answer is YES at step S322, the program proceeds to the step S324 at which the CPU 72 sends 

35 a control signal to the partial oxidizing unit 303 of the reformer 16 to increase the air flow fed into the partial oxidizing 
unit 303. The partial oxidizing unit 303 is operated at temperatures of 100 through 200 "^C. and the increase in air flow 
fed to the reforming gas accelerates the reaction of oxidizing carbon monoxide included in the reforming gas to carbon 
dioxide. 

[0065] The absolute value of the temperature difference TS greater than TB and less than TA represents a start of 

40 poisoning of electrocatalyst on the anode 32 of the fuel cell 10. An increase in air flow fed to the partial oxidizing unit 
303 of the reformer 16 accelerates the reaction of oxidizing carbon monoxide included in the reforming gas to carbon 
dioxide, thereby lowering the concentration of carbon monoxide included in the reforming gas supplied from the partial 
oxidizing unit 303. The reforming gas with a relatively low concentration of carbon monoxide fed as the gaseous fuel 
to the fuel cell effectively cancels an indication of electrocatalyst poisoning. 

45 [0066] When the answer is NO at step S322, that is, when the absolute value of the temperature difference TS is 
not greater than TB or not less than TA, the program proceeds to step S330. The process executed at steps S330 
through S370 is substantially equivalent to that executed at steps 3130 through S170 in the first embodiment. When 
the temperature difference TS is determined to be greater than the predetermined first value TA at step S330, the 
program goes to step S340 at which the flow of gaseous fuel in the fuel cell 10 is changed to the reverse direction as 

50 shown in Fig. 4(b). When the temperature difference TS is determined to be smaller than an additive inverse or negative 
of the predetennined first value TA at step 8350, on the other hand, the program goes to step S360 at which the flow 
of gaseous fuel in the fuel cell 10 is changed to the normal direction as shown in Fig. 4(a). After the process at step 
S340 or S360, the further processing is delayed by a predetermined time at step S370. When the answer is negative 
at all steps S322, S330. and S350. that is, when the temperature difference TS is between -TB and TB, the program 

55 assumes the condition of no electrocatalyst poisoning and directly goes to RETURN to exit from the routine. 

[0067] When the indication of electrocatalyst poisoning Is effectively canceled at step S324, the program also goes 
to step S370 for the delay process to complete the improvement and then to RETURN to exit from the routine. 
[0068] The fuel cell generator system 1 of the third embodiment increases the air flow fed into the partial oxidizing 
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unit 303 of the reformer 16 under the condition of small degree of electrocatalyst poisoning on the anode 32. Although 
temporarily lowering the efficiency of reforming in the reformer 1 6, this structure allows the gaseous fuel with a relatively 
low concentration of carbon monoxide to be fed into the fuel cell 10, so as to effectively cancel the small degree of 
electrocatalyst poisoning. When the degree of electrocatalyst poisoning is relatively large, the reversion of flow direction 
5 of gaseous flow acts to cancel the electrocatalyst poisoning, like the first embodiment. The structure of the second 
embodiment thus effectively and efficiently cancels the poisoning of electrocatalyst according to its degree. 
[0069] An increase in air flow fed into the reforming gas in the partial oxidizing unit 303 accelerates oxidation as 
given below: 

2C0 + O2 -» 2CO2 
2H2 + 02-^ 2H2O 

15 

[0070] The oxidation relatively lowers a partial pressure of hydrogen included in the reforming gas, and thereby 
slightly reduces the output voltage of the fuel cell 10. According to a preferable application of the third embodiment, 
the air flow fed into the partial oxidizing unit 303 is returned to its stationary level when the temperature difference TS 
between the first electrode temperature T1 and the second electrode temperature T2 becomes not greater than the 

20 predetermined second value TB. 

[0071] The structure of the third embodiment lowers the concentration of carbon monoxide Included In the reforming 
gas by controlling the air flow fed into the partial oxidizing unit 303. An alternative structure controls the reaction tem- 
perature in the reformer unit 301 or that in the shift reaction unit 302 to lower the concentration of carbon monoxide 
included in the reforming gas with some drop in reforming efficiency. 

25 [0072] Another possible structure for canceling the electrocatalyst poisoning without a drop in reforming efficiency 
of the reformer 16 temporarily increases the supply pressure of gaseous fuel fed to the fuel cell 10. This structure 
temporarily raises the gas pressure over the ideal level to enhance the anti-CO poisoning ability of electrocatalyst with 
a temporary drop in efficiency of the fuel cell 10. This effectively cancels a small degree of electrocatalyst poisoning 
and inhibits further poisoning. 

30 [0073] Fig. 1 1 is a block diagram schematically illustrating a fuel cell 1 0 and peripheral elements in a fuel cell generator 
system 400 as a fourth embodiment according to the invention. The fuel cell generator system 400 has a similar struc- 
ture to that of the first embodiment, except a first purge pipe 401 further connecting with the first joint 44a of the first 
branch pipe 41 , a second purge pipe 403 further connecting with the second joint 45a of the second branch pipe 42, 
and first and second additional solenoid valves 455 and 456 disposed on the first purge pipe 401 and the second purge 

35 pipe 403. 

[0074] The first purge pipe 401 constitutes a supply conduit for a purge gas, whereas the second purge pipe 403 a 

discharge conduit for the purge gas. Purge gas used herein is nitrogen or an inert gas like argon. The electronic control 
unit 70 (not shown) having the same structure as that of the first embodiment fills the fuel cell 1 0 with purge gas. instead 
of gaseous fuel, by opening the first and the second additional solenoid valves 455 and 456 after closing the first and 
40 the second solenoid valves 51 and 52 on the first branch pipe 41 and the third and the fourth solenoid valves 53 and 
54 on the second branch pipe 42. This process stops actions of the fuel cell 10 and discharges hydrogen gas remaining 
in the fuel cell 10 to keep the fuel cell 10 safely. 

[0075] Fig. 12 is a flowchart showing a gaseous fuel control routine executed in the fourth embodiment. This routine 
includes the purging process for filling the fuel cell 10 with a purge gas. The gaseous fuel control routine is executed 

45 repeatedly by the CPU 72 of the electronic control unit 70 at predetermined time intervals. When the program enters 
the routine, the CPU 72 reads a first electrode temperature T1 and a second electrode temperature T2 from the first 
temperature sensor 61 and the second temperature sensor 63, and calculates a temperature difference TS between 
T1 and T2 at steps S410 and S420. in the same manner as steps S110 and SI 20 of the first embodiment. 
[0076] The program then proceeds to step 8422 at which the absolute value of the temperature difference TS cal- 

50 culated at step 8410 is compared with a predetermined third value TC (>0). The predetermined third value TC is used 
as a criterion for a significantly high degree of electrocatalyst poisoning, which makes it difficult to continue generation 
of electricity from the fuel cell 10. In this embodiment, the predetermined third value TO is 5 through 10 ''C. 
[0077] When the answer at step S422 is affirmative, the program goes to step S424 at which the CPU 72 switches 
a supply of electricity to a load (not shown) from the fuel cell 10 to a secondary cell like an lead-acid accumulator (not 

55 shown) connected to the fuel cell 10 in parallel, and safely inactivates the load. The purging process is subsequently 
earned out at step 8426 to safely stop actions of the fuel cell 1 0. The purging process opens the first additional solenoid 
valve 455 on the first purge pipe 401 and the second additional solenoid valve 456 on the second purge pipe 403 after 
closing the first and the second solenoid valves 51 and 52 on the first branch pipe 41 and the third and the fourth 
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solenoid valves 53 and 54 on the second branch pipe 42. This purging process allows the fuel cell 10 to be filled with 
the purge gas, instead of the gaseous fuel. This stops actions of the fuel cell 10 and substitutes hydrogen gas remaining 
in the fuel cell 10 by inert gas to keep the fuel cell 10 safely. The program then goes to STOP to exit from the routine. 
[0078] When the answer Is negative at step S422, that is, when the absolute value of the temperature difference TS 

5 Is not greater than TC, the program proceeds to step S430. The process executed at steps S430 through S470 is 
substantially equivalent to that executed at steps SI 30 through SI 70 In the first embodiment. When the temperature 
difference TS is determined to be greater than the predetermined first value TA at step 8430, the program goes to step 
S440 at which the flow of gaseous fuel in the fuel cell 10 is changed to the reverse direction as shown in Fig. 4(b). 
When the temperature difference TS is determined to be smaller than an additive inverse or negative of the predeter- 

10 mined first value TA at step S450, on the other hand, the program goes to step S460 at which the flow of gaseous fuel 
In the fuel cell 10 is changed to the normal direction as shown In Fig. 4(a). After the process at step 3440 or S460, the 
further processing is delayed by a predetermined time at step S470. The program then goes to RETURN to exit from 
the routine. 

[0079] When the temperature difference TS on the surface of the anode 32 continues increasing to exceed the 

t5 predetermined third value TC even after the flow of gaseous fuel in the fuel cell 1 0 is changed to the reverse direction, 
the fuel cell generator system 400 of the fourth embodiment determines that the electrocatalyst on the anode 32 is 
significantly poisoned and that further generation of electricity from the fuel cell is difficult, and replaces the gaseous 
fuel in the fuel cell 10 with purge gas to safely stop actions of the fuel cell 10. This structure urgently inactivates the 
fuel cell 10 with significant electrocatalyst poisoning and effectively protects the fuel cell 10 as well as the load con- 

20 necting with a peripheral element or the fuel cell 10. 

[0080] Fig. 13 Is a block diagram schematically illustrating a structure of a fuel cell generator system 500 as a fifth 
embodiment according to the Invention. The fuel cell generator system 500 includes a gaseous fuel system A having 
an Identical structure with that of the first embodiment and an oxidizing gas system B having a structure similar to the 
gaseous fuel system A. The gaseous fuel system A of the fuel cell generator system 500 includes the fuel cell 10, the 

25 reformer 16, the gaseous fuel supply conduit 18, and the gas discharge conduit 20 like the first embodiment, whereas 
the oxidizing gas system B includes a reservoir 516 for storing an oxidizing gas (air In the embodiment), an oxidizing 
gas supply conduit 518 for feeding the oxidizing gas from the reservoir 516 to the second channels 35p (also shown 
in Figs. 2 and 3) on the cathode's side in the fuel cell 10, and a residual gas discharge conduit 520 for discharging 
residual oxidizing gas fed Into the second channels 35p. 

30 [0081] The oxidizing gas supply conduit 51 8 and the residual gas discharge conduit 520 have two branch pipes 541 
and 542, like the gaseous fuel supply conduit 1 8 and the gas discharge conduit 20. Fifth through eighth solenoid valves 
551 through 554 are disposed on the branch pipes 541 and 542. An electronic control unit 570 of a control system 522 
controls on and off these fifth through eighth solenoid valves 551 through 554 to switch the direction of flow of oxidizing 
gas running through the second channels 35p on the cathode's side In the fuel cell 10. Since the second channels 35p 

35 for oxidizing gas are arranged in parallel with the first channels 34p for gaseous fuel as shown by the two-dot chain 
line in Fig. 13 (also seen in Figs. 2 and 3 of the first embodiment), the flow of oxidizing gas becomes parallel to the 
flow of gaseous fuel. 

[0082] The electronic control unit 570 of the control system 522 controls on and off the fifth through the eighth solenoid 
valves 551 through 554 in the oxidizing gas system B, synchronously with the control of the first through the fourth 

^0 solenoid valves 51 through 54 in the gaseous fuel system A. This results in changing the direction of flow of oxidizing 
gas synchronously with the switching of the flow direction of gaseous fuel to make the flow direction of oxidizing gas 
identical with that of gaseous fuel. At step S140 in the gaseous fuel control routine of the first embodiment shown in 
the flowchart of Fig. 5, the electronic control unit 570 closes the fifth and the eighth solenoid valves 551 and 554 as 
well as the first and the fourth solenoid valves 51 and 54 while opening the sixth and the seventh solenoid valves 552 

45 and 553 as well as the second and the third solenoid valves 52 and 53. At step SI 60, the electronic control unit 570 
opens the fifth and the eighth solenoid valves 551 and 554 as well as the first and the fourth solenoid valves 51 and 
54 while closing the sixth and the seventh solenoid valves 552 and 553 as well as the second and the third solenoid 
valves 52 and 53. 

[0083] When the electronic control unit 570 detects the existing poisoning of electrocatalyst on the anode 32, the 
50 fuel cell generator system 500 of the fifth embodiment changes the direction of flow of gaseous fuel through the first 
channels 34p on the anode's side, so as to allow a place with some electrocatalyst poisoning to be exposed to the 
gaseous fuel with a relatively low concentration of carbon monoxide. The stnjcture of the fifth embodiment further 
changes the direction of flow of oxidizing gas synchronously with the change of the flow direction of gaseous fuel to 
make the flow direction of oxidizing gas Identical with that of gaseous fuel, thereby exposing a place with an Indication 
55 of electrocatalyst poisoning to the oxidizing gas with a relatively high concentration of oxygen. This structure further 
accelerates the reaction of anti-CO poisoning with the oxidizing gas containing a relatively high concentration of oxygen 
and thereby cancels the electrocatalyst poisoning more quickly and effectively. Namely the structure of the fifth em- 
bodiment effectively cancels the electrocatalyst poisoning in the fuel cell 10 without delay. 
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[0084] Fig. 14 is a block diagram schematically illustrating a structure of a fuel cell generator system 600 as a sixth 
embodiment according to the invention. The fuel cell generator system 600 includes a gaseous fuel system A having 
an identical structure with that of the first embodiment and a cooling water system C, The cooling water system C 
Includes a plurality of cooling water channels 601 disposed in the fuel cell 10, and a circulation conduit 603 for allowing 

5 the cooling water to be circulated in the cooling water channels 601 . The plurality of cooling water channels 601 are 
formed on each cooling plate 610 disposed for every predetemnined number of cell elements included in the fuel cell 
10, and arranged in parallel to the first channels 34p for gaseous fuel. The first separators 34 constituting the first 
channels 34p for gaseous fuel and the cooling plates 610 are laid one upon another to be positioned on the same 
perpendicular lines as shown by the two-dot chain line in Fig. 14. 

10 [0085] The circulation conduit 603 is provided with a cooling water pump 646, a radiator 647, and a throttle valve 
649. The circulated volume and the temperature of cooling water are controlled by regulating the discharge volume of 
the cooling water pump 646 and the rotating speed of a radiator fan 648 facing to the radiator 647. The circulation 
conduit 603 branches off to a first branch line 641 and a second branch line 642 in the vicinity of the cooling plate 610 
and eventually connects with both ends of each cooling water channel 601 on the cooling plate 61 0 via a first connecting 

15 line 644 and a second connecting line 645 respectively extending from the first branch line 641 and the second branch 
line 642. Fifth through eighth solenoid valves 651 through 654 are disposed on the first and the second branch lines 
641 and 642. An electronic control unit 670 of a control system 622 controls on and off these fifth through eighth 
solenoid valves 651 through 654 to switch the direction of flow of cooling water running through the cooling water 
channels 601 . Since the cooling water channels 601 are arranged in parallel with the first channels 34p for gaseous 

20 fuel, the flow of cooling water becomes parallel to the flow of gaseous fuel. 

[0086] The electronic control unit 670 of the control system 622 controls on and off the fifth through the eighth solenoid 
valves 651 through 654 in the cooling water system C, synchronously with the control of the first through the fourth 
solenoid valves 51 through 54 in the gaseous fuel system A. This results in changing the direction of flow of cooling 
water synchronously with the switching of the flow direction of gaseous fuel to make the flow direction of cooling water 

25 reverse to that of gaseous fuel. At step SI 40 in the gaseous fuel control routine of the first embodiment shown in the 
flowchart of Fig. 5, the electronic control unit 670 opens the fifth and the eighth solenoid valves 651 and 654 as well 
as the second and the third solenoid valves 52 and 53 while closing the sixth and the seventh solenoid valves 652 and 
653 as well as the first and the fourth solenoid valves 51 and 54. At step SI 60, the electronic control unit 670 closes 
the fifth and the eighth solenoid valves 651 and 654 as well as the second and the third solenoid valves 52 and 53 

30 while opening the sixth and the seventh solenoid valves 652 and 653 as well as the first and the fourth solenoid valves 
51 and 54. 

[0087] When the electronic control unit 670 determines the existing poisoning of electrocatalyst on the anode 32, 
the fuel cell generator system 600 of the sixth embodiment changes the direction of flow of gaseous fuel through the 
first channels 34p on the anode's side, so as to allow a place with some electrocatalyst poisoning to be exposed to the 

35 gaseous fuel with a relatively low concentration of carbon monoxide. The stmcture of the sixth embodiment further 
changes the direction of flow of cooling water synchronously with the change of the flow direction of gaseous fuel to 
make the flow direction of cooling water reverse to that of gaseous fuel. This makes cooling water flow from a place 
with less electrocatalyst poisoning to that with greater electrocatalyst poisoning, thereby exposing the place with greater 
electrocatalyst poisoning to cooling water flown out of the cooling water channels 601 . Cooling water has lower tem- 

^0 peratures at positions closer to the inlet of the cooling water channels 601 . The temperature of cooling water increases 
by means of heat generated through the electrode reactions in the fuel cell 10, and reaches the maximum at the outlet 
of the cooling water channels 601. This means that cooling water has higher temperatures at positions closer to the 
outlet of the cooling water channels 601. The place having greater electrocatalyst poisoning and exposed to cooling 
water flown out of the cooling water channels 601 accordingly has a relatively high temperature. The increase in tern- 

45 perature increases the concentration of carbon monoxide allowable for the fuel cell 10, thereby canceling the electro- 
catalyst poisoning more efficiently and quickly. 

[0088] Fig. 15 is a block diagram schematically Illustrating a stmcture of a fuel cell generator system 700 as a seventh 
embodiment according to the invention. The fuel cell generator system 700 has a similar structure to that of the sixth 
embodiment, except two additional temperature sensors 701 and 703. The third and the fourth temperature sensors 

50 701 and 703 are disposed respectively at the first connecting line 644 and the second connecting line 645 connecting 
with the cooling plate 610 for measuring temperatures of cooling water at the inlet and the outlet of the cooling water 
channels 601. The additional temperature sensors 701 and 703 are electrically connected to an electronic control unit 
770 of a control system 722. The electronic control unit 770 receives output signals from the third and the fourth 
temperature sensors 701 and 703 as well as those from the first and the second temperature sensors 61 and 63, and 

55 changes the flow direction of cooling water in the same manner as the sixth embodiment and controls the temperature 
and flow of cooling water, based on the received signals. 

[0089] Figs. 16 and 17 are flowcharts showing a control routine executed by the electronic control unit 770 in the 
seventh embodiment. The control routine is executed repeatedly by a CPU 772 of the electronic control unit 770 at 
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predetermined time intervals. When the program enters the routine, the CPU 772 executes steps S710 through S760 
in the flowchart of Fig. 16, which are equivalent to steps S110 through S160 of the gaseous fuel control routine in the 
first embodiment. After the process at step S740, the CPU 772 opens the fifth and the eighth solenoid valves 651 and 
654 and closes the sixth and the seventh solenoid valves 652 and 653 at step S745. After the process at step S760, 
5 the CPU 772 closes the fifth and the eighth solenoid valves 651 and 654 and opens the sixth and the seventh solenoid 
valves 652 and 653 at step S765. The process executed at steps S710 through S765 conresponds to that of the sixth 
embodiment. 

[0090] The program then proceeds to step S770 shown in the flowchart of Fig. 17, at which the CPU 772 reads a 
third temperature T3 of cooling water flown Into the cooling water channels 601 and a fourth temperature T4 of cooling 

10 water flown out of the cooling water channels 601 , from the third temperature sensor 701 and the fourth temperature 
sensor 703. At step S780, the CPU 772 subtracts the fourth temperature T4 of cooling water from the third temperature 
T3 of cooling water and determines the absolute value of the difference as a temperature difference TSW. The CPU 
772 then compares the temperature difference TSW with a predetermined value TE (>0) at step S790. 
[0091] When the answer is negative at step S790, that Is, when the temperature difference TSW Is not greater than 

15 the predetermined value TE, the program goes to step S792 at which the CPU 772 Increases the rotating speed of the 
radiator fan 648 to increase dissipation of heat in the radiator 647, thereby lowering the temperature of cooling water 
flowing through the circulation conduit 603 by a predetermined value. The program then proceeds to step S794 at 
which the discharge volume of the cooling water pump 646 is reduced to decrease the quantity of circulation by a 
predetermined volume. The reduced temperature of cooling water at step S792 has a certain relationship to the reduced 

20 volume of circulation at step S794, so as to prevent the quantity of heat to be cooled from being varied. A simple 
decrease in temperature of the coolant may cause supercooling of the fuel cell 10, and it is thus required to regulate 
the flow of the coolant as well. The quantity of heat to be cooled is kept constant by reducing the flow of cooling water 
with a decrease in temperature of cooling water. This process increases the temperature difference between the inlet 
and the outlet of cooling water to the predetermined value TE while keeping the quantity of heat to be cooled constant. 

25 [0092] When the answer is affirmative at step S790, that is, when the temperature difference TSW Is greater than 
the predetermined value TE, on the contrary, the program goes to step S796 at which the further process is delayed 
by a predetermined time. After the process at step S794 orS796, the program goes to RETURN to exit from the routine. 
[0093] When the electronic control unit 770 determines the existing poisoning of electrocatatyst on the anode 32, 
the fuel cell generator system 700 of the seventh embodiment changes the direction of flow of gaseous fuel so as to 

30 allow a place with some electrocatalyst poisoning to be exposed to the gaseous fuel with a relatively low concentration 
of carbon monoxide. The structure of the seventh embodiment further changes the direction of flow of cooling water 
synchronously with the change of the flow direction of gaseous fuel to make the flow direction of cooling water reverse 
to that of gaseous fuel, thereby exposing a place with greater electrocatalyst poisoning to cooling water of a relatively 
high temperature flown out of the cooling water channels 601 . 

35 [0094] The fuel cell generator system 700 increases the temperature difference between cooling water flown into 
and flown out of the cooling water channels 601 to the predetermined value TE while keeping the quantity of heat to 
be cooled constant. This allows a place with greater electrocatalyst poisoning to be exposed to cooling water of a 
relatively high temperature and a place with less electrocatalyst poisoning to be exposed to cooling water of a relatively 
low temperature. This effectively eliminates the temperature unbalance on the electrode surface and more quickly and 

40 efficiently returns the electrode with electrocatalyst poisoning to a normal state. The cooling plate 610 works to keep 
the quantity of heat to be cooled constant. This minimizes the variation in output with respect to the loading and allows 
the fuel cell 10 to stably work at a constant temperature. 

[0095] When the existing electrocatalyst poisoning is detected, the structure of the sixth embodiment or the seventh 
embodiment changes the flow direction of gaseous fuel and switches the flow direction of cooling water to make cooling 

45 water flow from a place with less electrocatalyst poisoning to that with greater electrocatalyst poisoning. An alternative 
structure switches only the flow direction of gaseous fuel. This does not completely cancel the electrocatalyst poisoning, 
but prevents further poisoning by increasing the concentration of carbon monoxide allowable for the fuel cell 10. 
[0096] The sixth embodiment and the seventh embodiment use water as a coolant of the fuel cell 1 0. Other possible 
examples for the coolant include organic liquids, such as ethylene glycol and silicone oil, and gases, such as the air 

50 and an inert gas. 

[0097] An eighth embodiment of the invention is described bnefly. While the embodiments described above change 
the flow direction of gaseous fuel based on the detection of existing electrocatalyst poisoning, the structure of the eighth 
embodiment switches the power source for supplying electricity to a load from the polymer electrolyte fuel cell 10 to a 
secondary cell (not shown) connected with the fuel cell 10 electrically in parallel, synchronously with the switch of the 
55 flow of gaseous fuel . 

[0098] The switch of the power source for supplying electricity to the load is carried out in the following manner. In 
the structure where the secondary cell and the fuel cell 10 are connected in parallel with each other to allow a supply 
of electricity to the load from both the secondary cell and the fuel cell 1 0, the fuel cell 10 is disconnected from the load. 
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which cuts the load current through the fuel cell 10. The flow direction of gaseous fuel fed to the fuel cell 10 is then 
changed through on-off control of the first through the fourth solenoid valves 51 through 54. There Is a certain time lag 
between the on-off operations of the solenoid valves 51 through 54 and actual reversion of the flow direction to give a 
stable flow of gaseous fuel. The time lag depends upon the length of piping, the diameter of pipes, positions of the on- 
5 off valves, and the flow rate and pressure of gas in each fuel cell 1 0. It is accordingly desirable to measure and determine 
an optimum time, after which the flow of gaseous fuel becomes stable, for each fuel cell 10. After the optimum time 
has elapsed, the fuel cell 10 is re-connected to the load, which allows a supply of electricity from both the secondary 
cell and the fuel cell 10. The secondary cell is then disconnected from the load, so that electricity is supplied only from 
the fuel celt 10 to the load. 

10 [0099] This structure reduces the load current of the fuel cell 10 and controls a temporary drop of output voltage 
accompanied with the switching of the flow direction of gaseous fuel. 

[0100] A ninth embodiment of the Invention is described briefly. The ninth embodiment is a modification of the third 
embodiment described previously. While the third embodiment increases the flow of air into the partial oxidizing unit 
303 of the reformer 16 under the condition of little electrocatalyst poisoning (step S324 in the flowchart of Fig. 10), the 
15 structure of the ninth embodiment increases the gas pressure in the gaseous fuel system under the condition of little 
electrocatalyst poisoning. The increase in gas pressure is implemented by controlling a pressure regulating valve 
disposed generally after the outlet of gaseous fuel in the fuel cell 10. 

[0101] This structure temporarily raises the gas pressure over the ideal level to enhance the anti-CO poisoning ability 
of electrocatalyst with a temporary drop in efficiency of the fuel cell 10. This effectively cancels a small degree of 
20 electrocatalyst poisoning and inhibits further poisoning, like the third embodiment 

[0102] There may be many other modifications, alterations, and changes without departing from the scope or spirit 
of essential characteristics of the invention. It is thus clearly understood that the above embodiments are only Illustrative 
and not restrictive in any sense. Some examples of modification are given below. 

[0103] An alloy electrocatalyst may be used In place of platinum, which is used as the electrocatalyst of the anode 
25 32 in the above embodiments. The alloy electrocatalyst includes a first component of platinum and one or a plurality 
of second components selected among the group including ruthenium, nickel, cobalt, vanadium, palladium, and indium. 
The alloy electrocatalyst exerts the same effects as platinum in the above embodiments. 

[0104] In the above embodiments, the structure of inputting a difference between temperatures measured by the 
first and the second temperature sensors 61 and 63 disposed on the electrode surface works as the reactivity difference 

30 detecting means. An alternative structure has three or more temperature sensors to detect temperatures on both ends 
of a selected first channel 34p for gaseous fuel and at another or other specific site(s). Electrocatalyst poisoning tends 
to occur at a specific site (for example, the site where gas stagnates) according to the shape of the first channels 34p 
for gaseous fuel. This alternative structure measures the temperature of such a specific site as well as the ends of the 
first channel 34p in the fuel cell 1 0, thereby more accurately detecting the poisoning of electrocatalyst by carbon mon- 

35 oxide. 

[0105] In the above embodiments, gaseous fuel, oxidizing gas, or cooling water is distributed to the respective cell 
elements included in a fuel cell via a manifold or distributor. On the assumption that the cell elements in a fuel cell have 
substantially identical properties and the manifold uniformly distributes the gas or cooling water, poisoning of platinum 
electrocatalyst by carbon monoxide simultaneously occurs and is canceled In all the cell elements of the fuel cell. In 

^0 the actual system, however, a heterogeneous flow of gas in the manifold causes electrocatalyst poisoning to occur at 
a specific cell element in the fuel cell. It is accordingly desirable to set the two temperature sensors 61 and 63 at such 
a cell element having a higher probability of electrocatalyst poisoning. This minimizes the number (two) of thermocou- 
ples required in a fuel cell stack including a large number of fuel cell elements, thus easily controlling the fuel cell 
generator system and reducing the cost for manufacturing the fuel cell generator system. 

45 [0106] The structure of inputting a difference between temperatures measured by the first and the second temper- 
ature sensors 61 and 63 disposed on the electrode surface is applied for the reactivity difference detecting means in 
the above embodiments. Some operating conditions of the fuel cell 10 lead to the local wetting or drying on the elec- 
trolyte membrane/electrode structure of each cell element, thereby interfering with the electrochemical reactions at the 
gas outlet on the anode's side or the cathode's side and lowering the temperature of the site. This may result in an 

50 inaccurate detection of temperature. The fuel cell generally has a structure of continuously monitoring the impedance 
(cell resistance) of the fuel cell and regulating the amount of water vapor or moisture In the gaseous fuel or oxidizing 
gas based on the monitoring to keep the electrolyte membrane/electrode structure in the optimum wetting condition. 
Any structure of the above embodiments is preferably applied to such a fuel cell 10 having a function of controlling the 
impedance. 

55 [01 07] When the structure of the above embodiments is applied to a fuel cell 1 0 having no function of controlling the 
impedance, an impedance meter for measurement of the impedance Is set In the fuel cell generator system. According 
to a preferable structure, it is determined whether the difference in temperature between the two temperature sensors 
61 and 63 disposed on the electrode surface is attributable to the local wetting or drying on the electrolyte membrane/ 
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electrode structure or to poisoning of platinum electrocatalyst by carbon monoxide Included in the gaseous fuel. 
[01 08] The scope and spirit of the present invention are limited only by the terms of the appended claims. 
[0109] The invention definitely detects and cancels poisoning of a electrocatalyst in a fuel cell without delay. A first 
temperature sensor (61 ) and a second temperature sensor (63) are disposed respectively at an Inlet and an outlet of 
first channels (34p] for gaseous fuel In a fuel cell (10). An electronic control unit (70) receives detection signals from 
the temperature sensors (61,63) and estimates a degree of poisoning of electrocatalyst on an anode (32) based on 
the detection signals. When determining that the electrocatalyst is poisoned, the electronic control unit (70) controls 
on and off first through fourth solenoid valves (51-54) to change the flow direction of the gaseous fuel through the first 
channels (34p). This allows a place with electrocatalyst poisoning to be exposed to the gaseous fuel having a relatively 
low concentration of carbon monoxide. 



Claims 

1. A fuel cell generator for generating an electromotive force through an electrochemical reaction of a reactive gas, 
said fuel cell generator comprising: 

an electrode having a surface with an electrocatalyst applied thereon, said reactive gas being fed to a surface 
of said electrode to cause said electrochemical reaction; 

a flow path having an inlet and an outlet for supplying said reactive gas to said surface of said electrode; 
reactivity difference detecting means for detecting a difference in reactivity of said electocatalyst between said 
inlet and said outlet of said flow path; and 

poisoning cancellation means for varying said electrochemical reaction between said inlet and said outlet of 
said flow path based on the difference detected by said reactivity difference detecting means to cancel poi- 
soning of said electrocatalyst. 

2. A fuel cell generator in accordance with claim 1 . further comprising: 

gas utilization calculating means for calculating a degree of utilization of said reactive gas on said electrode; 
and 

prohibition means for prohibiting said cancellation of the poisoning of said electrocatalyst when the degree of 
utilization of said reactive gas represents insufficiency of said reactive gas. 

3. A fuel cell generator in accordance with claim 2, wherein said gas utilization calculating means comprises: 

required flow calculation means for calculating a required flow of said reactive gas to said electrode; 
actual supply calculation means for calculating an actual supply of said reactive gas to said electrode; and 
difference calculation means for calculating a difference between said required flow and said actual supply. 

4. A fuel cell generator in accordance with claim 1 , wherein said reactivity difference detecting means comprises: 

temperature difference detecting means for detecting a difference in temperature between said inlet and said 
outlet of said flow path. 

5. A fuel cell generator in accordance with claim 1 , wherein said reactivity difference detecting means further com- 
prises: 

electrical output difference detecting means for detecting a difference in electrical output of said electrode 
between said inlet and said outlet of said flow path. 

6. A fuel cell generator in accordance with claim 1 , wherein said poisoning cancellation means comprises: 

gas flow control means for controlling a flow direction of said reactive gas to thereby reduce said poisoning. 

7. A fuel cell generator in accordance with claim 6, wherein said electrode is a first electrode and wherein said poi- 
soning cancellation means further comprises: 

a second electrode having a surface with an electrocatalyst applied thereon, an oxidizing gas being fed to a 

surface of said second electrode; 

oxidizing gas flow control means for controlling a flow direction of said oxidizing gas, to make the flow direction 
of said oxidizing gas identical with the flow direction of said reactive gas. 
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8. A fuel cell generator in accordance with claim 6, further comprising: 

a coolant conduit running substantially parallel to the surface of said electrode for passing a coolant parallel 
to the flow direction of said reactive gas; and 

wherein said poisoning cancellation means further comprises: 

coolant flow control means for controlling a flow direction of the coolant through the coolant conduit to thereby 
reduce said poisoning. 

9. A fuel cell generator in accordance with claim 8, further comprising: 

temperature control means for varying temperature of the coolant fed to said coolant conduit; and 
flow control means for varying a flow of the coolant fed to said coolant conduit; 

wherein said poisoning cancellation means further comprises: 

cooling heat quantity control means for activating said temperature control means and said flow control 
means to lower the temperature and the flow of said coolant, so as to maintain a quantity of heat adsorbable by 
said coolant constant. 

10. A fuel cell generator in accordance with claim 1, further comprising: 

reformer means for reforming a fuel to generate said reactive gas; and 
wherein said poisoning cancellation means comprises: 

reforming suppression means for forcibly lowering a concentration of carbon monoxide included in said re- 
active gas. 

11. A fuel cell generator in accordance with claim 10, wherein said poisoning cancellation means further comprises: 

gas flow reversion means for reversing the flow direction of said reactive gas along the surface of said elec- 
trode; and 

selective activating means for selectively activating one of said gas flow reversion means and said reforming 
suppression means according to the difference detected by said reactivity difference detecting means. 

12. A fuel cell generator in accordance with claim 1, wherein said poisoning cancellation means comprises: 

supply pressure increasing means for temporarily increasing a supply pressure of said reactive gas to said 
electrode. 

13. A fuel ceil generator in accordance with claim 12, wherein said poisoning cancellation means further comprises: 

gas flow reversion means for reversing the flow direction of said reactive gas along the surface of said elec- 
trode; and 

selective activating means for selectively activating one of said gas flow reversion means and said supply 
pressure increasing means according to the degree of poisoning of electrocatalyst. 

14. A fuel celt generator in accordance with claim 1, wherein said poisoning cancellation means comprises: 

stop means for substituting said reactive gas with a purge gas flowing along the surface of said electrode to 
stop generation of the electromotive force. 

15. A fuel cell generator in accordance with claim 14, wherein said poisoning cancellation means further comprises: 

gas flow reversion means for reversing the flow direction of said reactive gas along the surface of said elec- 
trode; and 

selective activating means for selectively activating one of said gas flow reversion means and said stop means 
according to the degree of poisoning of electrocatalyst. 

16. A fuel cell generating method for generating an electromotive force through an electrochemical reaction of a re- 
active gas, said method comprising the steps of: 

(a) providing an electrode having a surface with an electrocatalyst applied thereon, said reactive gas being 
fed to a surface of said electrode to cause said electrochemical reaction; 

(b) providing a flow path having an inlet and an outlet for supplying said reactive gas to said surface of said 
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electrode; 

(c) detecting a difference in reactivity of said electrocatalyst between said inlet and said outlet of said flow 

(d) canceling the poisoning by varying said electrochemical reaction between said inlet and said outlet of said 
flow path based on the difference detected by said reactivity difference detecting means to cancel poisoning 

5 of said electrocatalyst. 

17. A method In accordance with claim 16. further comprising the step of: 

(e) calculating a degree of utilization of said reactive gas on said electrode; and 

10 (f) prohibiting the cancellation of poisoning when the degree of utilization of said reactive gas represents in- 

sufficiency of said reactive gas. 

18. A method in accordance with claim 16, wherein said step (c) comprises the step of: 

(c-1 ) detecting a difference in temperature between said inlet and said outlet of said flow path. 

15 

19. A method in accordance with claim 16, wherein said step (d) comprises the step of: 

(d-1) controlling a flow direction of said reactive gas to thereby reduce said poisoning. 

20. A method in accordance with claim 19, wherein said electrode Is a first electrode and wherein said method further 

20 comprises the step of: 

(g) providing a second electrode having a surface with an electrocatalyst applied thereon, an oxidizing gas 
being fed to a surface of said second electrode; and 

wherein said step (d) further comprises the step of: 

(d-2) controlling a flow direction of said oxidizing gas, to make the flow direction of said oxidizing gas identical 
25 with the flow direction of said reactive gas. 

21. A method in accordance with claim 19, further comprising the step of: 

(h) passing a coolant parallel to the flow direction of said reactive gas along the surface of said electrode; and 
wherein said step (d) further comprises the step of: 

30 (d-3) controlling a flow direction of the coolant conduit to thereby reduce said poisoning. 

22. A method in accordance with claim 16, comprising the step of: 

(i) reforming a fuel to generate said reactive gas; and 
wherein said step (d) comprises the step of: 

35 (d-4) forcibly lowering a concentration of carbon monoxide Included in said reactive gas. 

23. A method In accordance with claim 22, wherein said step (d) further comprises the steps of: 

(d-5) reversing the flow direction of said reactive gas along the surface of said first electrode; and 
40 {d-6) selectively executing one of said step (d-4) and said step (d-5) according to the degree of poisoning of 

electrocatalyst. 

Patentansprtiche 

45 

1. Brennstoffzellengeneratorzur Erzeugung einer elektromotorischen Kraft mittels einer elektrochemischen Reaktion 
eines reaktiven Gases, wobei der Brennstoffzellengenerator aufweist: 

eine Elektrode, die eine Oberfldche mit einem auf diese aufgetragenen Elektrokatalysator hat, wobei das 

50 reaktive Gas auf eine Oberflache der Elektrode zugefuhrt wird, urn die elektrochemische Reaktion zu bewirken, 

einen Strbmungsweg, der einen Einlaft und einen AuslaR hat, um das reaktive Gas auf die Oberflache der 
Elektrode zuzufuhren, 

eine ReaktivitStsdifferenz-Erfassungseinrichtung zur Erfassung einer Differenz in der Reaktivitat des Elektro- 
katalysators zwischen dem Einlad und dem Auslall des Strdmungswegs, und 
55 eineVergiftungsruckgangigmachungseinrichtung zur Variation der elektrochemischen Reaktion zwischen dem 

Einlali und dem Auslali des Stromungswegs auf der Basis der durch die ReaktivitatsdifPerenz-Erfassungsein- 
richtung erfallten Differenz, um die Vergiftung des Elektrokatalysators ruckgdngig zu machen. 
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Brennstoffizeflengenerator in Obereinstlmmung mil Anspruch 1 , der ferner aufweist: 

eine Gasausnutzungs-Berechnungseinrichtung zur Berechnung eines Ausnutzungsgrads des reaktiven Ga- 
ses an der Elektrode, und 

eine Verhinderungseinriclitung zur Verhinderung der Ruckgangigmachung der Vergiftung des Elektrokataly- 
sators, 

wenn der Ausnutzungsgrad des reaktiven Gases einen IVlangel des reaktiven Gases reprdsentlert. 

Brennstoffzellengenerator in Oberelnstimmung mit Anspruch 2, be! welchem die Gasausnutzungs-Berechnungs- 
einrichtung aufweist: 

eine Berechnungseinrlchtung fur die erforderllclie Stromung zur Berechnung elner erforderlichen Stromung 
des reaktiven Gases zu der Elektrode, 

eine Berechnungseinrichtung fur die tatsachliche ZufOhrung zur Berechnung elner tatsSchlichen ZufQhrung 
des reaktiven Gases zu der Elektrode, und 

eine Differenz-Berechnungseinrichtung zur Berechnung elner Differenz zwischen der erforderlichen Strdmung 
und der tatsSchllchen ZufQhrung. 

Brennstoffzellengenerator In Oberelnstimmung mIt Anspruch 1, bel welchem die ReaktlvltStsdlfferenz-Berech- 
nungselnrichtung aufweist: 

eine Temperaturdlfferenz-Erfassungselnrlchtung zur Erfassung elner Differenz In der Temperatur zwischen dem 
EintaH und dem AuslaQ des StrOmungswegs. 

Brennstoffzellengenerator in Oberelnstimmung mIt Anspruch 1 , bei welchem die ReaktlvltatsdlfFerenz-Berech- 
nungselnrichtung ferner aufweist: 

eine Erfassungseinrlchtung fur die Differenz der elektrischen Ausgangslelstung zur Erfassung elner Differenz in 
der elektrischen Ausgangslelstung der Elektrode zwischen dem EinlaH und dem Auslal^ des Strdmungswegs. 

Brennstoffzellengenerator in Obereinstlmmung mIt Anspruch 1, bei welchem die VergiftungsrQckganglgma- 
chungseinrichtung aufweist: 

eine Gasstrdmungs-Steuereinrichtung zur Steuerung elner Str6mungsrlchtung des reaktiven Gases, um dadurch 
die Vergiftung zu reduzieren. 

Brennstoffzellengenerator in Oberelnstimmung mit Anspruch 6, bei welchem die Elektrode eine erste Elektrode 
ist und bei welchem die Vergiftungsruckgangigmachungseinrichtung ferner aufweist: 

eine zweite Elektrode, die eine Oberflache mit einem auf diese aufgetragenen Elektrokatalysator hat, wobei 
ein oxidlerendes Gas auf eine Oberflache der zweiten Elektrode zugefuhrt wird, 

eine Steuereinrichtung fur die Stromung des oxidierenden Gases zur Steuerung einer Stromungsrichtung des 
oxidierenden Gases, um die Stromungsrichtung des oxidierenden Gases identisch mit der Stromungsrichtung 
des reaktiven Gases zu machen. 

Brennstoffzellengenerator in Oberelnstimmung mit Anspruch 6, der ferner aufweist: 

eine Kuhlmittelleitung, die im wesentlichen parallel zu der Oberflache der Elektrode verlSuft, um ein KQhImlttel 
parallel zu der Stromungsrichtung des reaktiven Gases passieren zu lassen, und 
bei welchem die VergiftungsrQckganglgmachungselnrlchtung ferner aufweist: 

eine Kuhlmitteldurchflufi-Steuerelnrichtung zur Steuerung einer Durchflulirlchtung des KQhImittels durch die KQhl- 
mittelleitung, um dadurch die Vergiftung zu reduzieren. 

Brennstoffzellengenerator in Obereinstlmmung mit Anspruch 8, welcher ferner aufweist: 

eine Temperatursteuereinrichtung zur Variation der Temperatur des der KQhImlttelleltung zugeftihrten KQhI- 
mittels, und 

eine DurchfluRsteuereinrichtung zur Variation eines Durchflusses des der KQhImlttelleltung zugefQhrten KQhI- 
mittels, 

wobei die Vergiftungsruckgangigmachungseinrichtung ferner aufweist: 

eine Kuhlwarmemenge-Steuereinrichtung zur Aktivierung der Temperatursteuereinrichtung und der Stromungs- 
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steuereinrichtung, urn die Temperatur und den Durchfiull des KOhlmittels herabzusetzen, urn eine durch die KUhl- 
mittellconstante adsorbierbare Wdrmemenge aufrechtzuerhalten. 

10. Brennstoffzellengenerator in Obereinstimmung mit Anspmch 1, welcher ferner aufweist: 

eine Reformerelnrichtung zum Reformieren eines BrennstofTs, urn das reaktive Gas zu erzeugen, und 
bei welchem die Vergiftungsruckgangigmachungseinrichtung aufweist: 

eine Reformieaingsunterdruckungseinrichtung zur zwangsweisen Herabsetzung einer Konzentration von Kohlen- 
monoxid, das in dem reaktiven Gas enthaiten ist. 

11. Brennstofteellengenerator in Obereinstimmung mit Ansprucli 10, bei welchem die Vergiftungsruckgangigma- 
chungseinrichtung ferner aufweist: 

eine Gasstromungsumkehreinrichtung zur Umkehrung der Strdmungsrichtung des reaktiven Gases entlang 
der Oberflache der Elektrode, und 

eine Selektivaktivierungseinrichtung zur selektiven Aktivierung der Gasstrfimungsumkehreinrichtung Oder der 
ReformierungsunterdrQckungseinrichtung gemali der durch die ReaktlvitStsdifferenz-Erfassungseinrichtung 
erfaBten Differenz. 

12. Brennstoffzellengenerator in Obereinstimmung mit Anspruch 1, bei welchem die Vergiftungsruckgangigma- 
chungseinrichtung aufweist: 

eine Zufuhrungsdruckerhdhungseinrichtung zur zeitweiligen Erhohung eines ZufOhrungsd rucks des reaktiven Ga- 
ses zu der Elektrode. 

13. Brennstoffzellengenerator in Obereinstimmung mit Anspruch 12, bei welchem die Vergiftungsruckgangigma- 
chungseinrichtung femer aufweist: 

eine Gasstromungsumkehreinrichtung zur Umkehrung der Strdmungsrichtung des reaktiven Gases entlang 
der Oberflache der Elektrode, und 

eine Selektivaktivierungseinrichtung zur selektiven Aktivierung der Gasstromungsumkehreinrichtung oder der 
Zufuhrungsdnjckerh5hungseinrichtung gemSH dem Grad der Vergiftung des Elektrokatalysators. 

14. Brennstoffzellengenerator in Obereinstimmung mit Anspruch 1, bei welchem die VergiftungsrOckgSngigma- 
chungseinrichtung aufweist: 

eine Unterbrechungseinrichtung zum Austausch des reaktiven Gases gegen ein Spulgas, das entlang der Ober- 
flache der Elektrode stromt, um die Erzeugung der elektromotorischen Kraft zu unterbrechen. 

15. Brennstoffzellengenerator in Obereinstimmung mit Anspruch 14, bei welchem die VergiftungsrOckganglgma- 
chungseinrichtung ferner aufweist: 

eine Gasstrdmungsumkehreinrichtung zur Umkehrung der Strdmungsrichtung des reaktiven Gases entlang 
der Oberflache der Elektrode, und 

eine Selektivaktivierungselnrichtung zur selektiven Aktivierung der Gasstromungsumkehreinrichtung oder der 
Unterbrechungseinrichtung gemaft dem Grad der Vergiftung des Elektrokatalysators. 

16. Brennstoffzellenerzeugungsverfahren zur Erzeugung einer elektromotorischen Kraft mittels einer elektrochemi- 
schen Reaktion eines reaktiven Gases, wobei das Verfahren die Schritte aufweist: 

(a) Schaffung einer Elektrode, die eine Oberflache mit einem auf diese aufgetragenen Elektrokatalysator hat, 
wobei das reaktive Gas auf eine Oberflache der Elektrode zugefOhrt wird, um die elektrochemische Reaktion 
zu bewirken, 

(b) Schaffung eines Strdmungswegs, der einen Einlall und etnen Auslafl hat, um das reaktive Gas auf die 
Oberflache der Elektrode zuzufuhren, 

(c) Erfassung einer Differenz in der Reaktivitat des Elektrokatalysators zwischen dem Einlall und dem Auslali 
des Strdmungswegs, 

(d) Ruckgangigmachung der Vergiftung durch Variation derelektrochemischen Reaktion zwischen dem Einlafi 
und dem Auslali des Strdmungswegs auf der Basis der durch die Reaktivitatsdifferenz-Erfassungseinrichtung 
erfaf^ten Differenz, um die Vergiftung des Elektrokatalysators rQckgSngig zu machen. 
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17. Verfahren In Obereinstimmung mit Anspruch 16. das femer den Schritt aufweist: 

(e) Berechnung eines Ausnutzungsgrads des reaktiven Gases an der Elektrode, und 

(f) Verhinderung der Ruckgangigmachung der Vergiftung, wenn der Ausnutzungsgrad des reaktiven Gases 
5 einen Mangel des reaktiven Gases reprasentiert. 

18. Verfahren in Obereinstimmung mit Ansprucli 16, bei welchem der Sctiritt (c) den Schritt aufweist: 

(c-1 ) Erfassung einer Differenz in der Temperatur zwischen dem EinlaB und dem AuslaR des Stromungswegs. 

10 19. Verfahren In Obereinstimmung mit Anspruch 16, bei welchem der Schritt (d) den Schritt aufweist: 

(d-1) Steuemng einer Strdmungsrichtung des reaktiven Gases, um dadurch die Vergiftung zu reduzieren. 

20. Verfahren in Obereinstimmung mit Anspruch 19, bei welchem die Elektrode eine erste Elektrode ist und bei wel- 
chem das Verfahren ferner den Schritt aufweist: 

15 (g) Schaffung einer zweiten Elektrode, die eine Oberflache mit einem auf diese aufgetragenen Elektrokatalysator 

hat, wobei ein oxidierendes Gas auf eine Oberfl3che der zweiten Elektrode zugefOhrt wird, und 
bei welchem der Schritt (d) ferner den Schritt aufweist: 

(d-2) Steuerung einer Strdmungsrichtung des oxidierenden Gases, um die Stromungsrichtung des oxidierenden 
Gases identisch mit der Strdmungsrichtung des reaktiven Gases zu machen. 

20 

21. Verfahren in Obereinstimmung mit Anspruch 19, das ferner den Schritt aufweist: 

(h) Passleren eines KQhImittels parallel zu der Stromungsrichtung des reaktiven Gases entlang der OberflSche 
der Elektrode, und 

bei welchem der Schritt (d) ferner den Schritt aufweist: 
25 (d-3) Steuerung einer Strdmungsrichtung der Kuhtmittelteitung, um dadurch die Vergiftung zu reduzieren. 

22. Verfahren in Obereinstimmung mit Anspmch 16, welches ferner den Schritt aufweist: 

(i) Reformieren eines Brennstoffs, um das reaktive Gas zu erzeugen, und 
bei welchem der Schritt (d) den Schritt aufweist: 

30 (d-4) Zwangswelse Herabsetzung einer Konzentration von Kohlenmonoxid. das in dem reaktiven Gas enthalten ist. 

23. Verfahren In Obereinstimmung mit Anspruch 22, bei welchem der Schritt (d) ferner die Schritte aufweist: 

(d-5) Umkehrung der Stromungsrichtung des reaktiven Gases entlang der Oberflache der ersten Elektrode, 
35 und 

(d-6) selektive AusfOhrung des Schritts (d-4) oder des Schritts (d-5) gemSR dem Grad der Vergiftung des 
Elektrokatalysators. 



'^o Revendicatlons 

1. Un generateur a pile a combustible pour g^nerer une force electromotrice par une r6actlon §lectrochimique d'un 
gaz reactant, ledit generateur a pile a combustible comprenant : 

45 une Electrode ayant une surface avec un electrocatalyseur ci-applique, ledit gaz reactant etant fourni d la 

surface ladite Electrode pour causer ladite reaction ^lectrochlmique ; 

un chemin d'ecoulement ayant une entree et une sortie afln de foumir ledit gaz reactant ladite surface de ladite 
electrode ; 

un moyen de detection de la difference de r6activit§ pour detecter une difference dans la r6actlvit6 dudit 
50 electrocatalyseur entre lesdits entree et sortie du chemin d'ecoulement ; et 

un moyen d'annutation d'empolsonnement pour varier ladite reaction eiectrochimique entre ladite entree et 
ladite sortie dudit chemin d'ecoulement base sur la difference d6tect§e par ledit moyen de detection de la 
difference de reactivite pour annuler Tempoisonnement dudit electrocatalyseur. 

55 2. Un generateur a pile d combustible en accord avec la revendication 1 , comprenant de plus : 

un moyen de calcul de I'utilisation du gaz pour calculer un degres d'utllisation dudit gaz reactant sur ladite 
electrode ; et 
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un moyen de prohibition afin de prohiber ladite annulation de I'empoisonnement dudit 6lectrocatalyseur lorsque 
le degr^s d'utiilsation dudit gaz r^actant repr^sente une insuffisance dudit gaz r^actant. 

Un g6n6rateur d pile d combustible salon la revendication 2. dans lequel ledit moyen de calcul de I'utilisation du 
gaz comprend : 

un moyen de calcul de I'ecoulement requis pour calculer un ecoulement requis dudit gaz r^actant d ladite 
Electrode ; 

un moyen de calcul de ralimentation concrete afin de calculer une alimentation concrete dudit gaz r6actant d 
ladite electrode ; et 

un moyen de calcul de difference aftn de calculer une difference entre ledit ecoulement requis et ladite ali- 
mentation concrete. 

Un g6n6rateur d pile d combustible selon la revendication 1 , dans lequel ledit moyen de detection des differences 
de reactlvite comprend : 

un moyen de detection de la difference de temperature afin de detecter une difference de temperature entre 
ladite entree et ladite sortie dudit chemin d'ecoulement. 

Un g^n^rateur d pile S combustible selon la revendication 1 , dans lequel ledit moyen de detection des differences 
de reactlvite comprend de plus : 

un moyen de detection de la difference de rendement electrique afin de detecter une difference de rendement 
electrique de ladite electrode entre ladite entree et ladite sortie dudit chemin d'ecoulement. 

Un g^nerateur d pile a combustible selon la revendication 1 , dans lequel ledit moyen d'annulatlon d'empoisonne- 
ment comprend : 

un moyen de reglage de I'ecoulement du gaz pour regler une direction d'ecoulement dudit gaz reactant pour, 
de ce fait, reduire ledit empoisonnement. 

Un generateur a pile a combustible selon la revendication 6, dans lequel ladite electrode est une premiere electrode 
et dans laquelle ledit moyen d'annulatlon d'empoisonnement comprend de plus : 

une seconde electrode ayant une surface oCi est applique un eiectrocatalyseur, un gaz oxydant etant apporte 
a la surface de ladite seconde electrode ; 

un moyen de reglage de I'ecoulement du gaz oxydant afin de regler une direction d'ecoulement dudit gaz 
oxydant, afin de rendre la direction d'ecoulement dudit gaz oxydant identique d la direction d'ecoulement dudit 
gaz reactant. 

Un generateur e pile e combustible selon la revendication 6, comprenant de plus : 

un conduit pour un liqulde de refroidissement parcourant substantiellement de fa9on parallele a la surface 
de ladite electrode afin de faire passer un llquide de refroidissement dans la direction parallele d la direction d'ecou- 
lement dudit gaz reactant ; et 

dans laquelle un moyen d'annulatlon d'empoisonnement comprend de plus : 

un moyen de reglage de I'ecoulement du liquide de refroidissement afin de regler la direction d'ecoulement 
du refroidissement e travers le conduit de refroidissement afin d'y reduire ledit empoisonnement. 

Un generateur a pile a combustible en accord avec la revendication 8, comprenant de plus : 

un moyen de reglage de la temperature afin de faire varler la temperature du liquide de refroidissement apporte 
audit conduit de refroidissement ; et 

un moyen de reglage de I'ecoulement afin de faire varier I'ecoulement du liquide de refroidissement apporte 

audit conduit de refroidissement ; 

dans lequel ledit moyen d'annulatlon d'empoisonnement comprend de plus : 

un moyen de reglage de la quantite de chaleur du liquide de refroidissement afin d'activer ledit moyen de 
reglage de la temperature et ledit moyen de reglage de I'ecoulement afin d'abalsser la temperature et I'ecoulement 
dudit llquide de refroidissement, de telle fagon a matntenir constante une quantite de chaleur a adsorber par ledit 
liquide de refroidissement. 
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10. Un g^ndrateur d pile a combustible selon la revendication 1, comprenant de plus : 

un moyen de reforme afin de reformer un combustible pour generer ledit gaz r6actlf ; et 
dans lequel ledit moyen d'annulation d'empoisonnement comprend : 

un moyen de suppression de r6forme pour abalsser de force une concentration de monoxyde de carbone 
5 indu dans ledit gaz reactant. 

11. Un g^n6rateur a pile a combustible selon la revendication 10, dans lequel ledit moyen d'annulation d'empoison- 
nement comprend de plus : 

10 des moyens de renversement de I'ecoulement du gaz afin de renverser la direction d'§coulement dudit gaz 

r6actant te long de la surface de ladite Electrode ; et 

un moyen d'activation selective afin d'activer selectivement un desdits moyens de renversement de I'ecoule- 
ment du gaz et de suppression de r6forme selon la difference detectee par lesdits moyens de detection de la 
difference de r6actlvlt6. 

15 

12. Un g^n^rateur d pile d combustible en accord avec la revendication 1 , dans lequel ledit moyen d*annulatlon d'em- 
poisonnement comprend : 

un moyen d'augmentation de la pression d'allmentation afin d'augmenter temporairement une presslon d'ali- 
mentation dudtt gaz reactant a ladite Electrode. 

20 

13. Un g6n6rateur a pile d combustible selon la revendication 12. dans lequel ledit moyen d'annulation d'empoison- 
nement comprend de plus : 

un moyen de renversement de I'ecoulement du gaz afin de renverser la direction d'^coutement dudit gaz 
25 reactant le long de la surface de ladite electrode ; et 

un moyen d'activation selective afin d'activer s6lectivement un desdits moyens de renversement de I'ecoule- 
ment du gaz et d'aug mentation de la pression d'allmentation selon le degrds d'empoisonnement de i'^lectro- 
catalyseur. 



30 14. Un g^n^rateur d pile d combustible selon la revendication 1. dans lequel ledit moyen d'annulation d'empoisonne- 
ment comprend : 

un moyen d'arret afin de substituer ledit gaz reactant avec un gaz de purge s'ecoulant le long de la surface 
de ladite Electrode afin de arreter la generation de la force electro motrice. 

35 15. Un g6n6rateur a pile a combustible selon la revendication 14, dans lequel ledit moyen d'annulation d'empoison- 
nement comprend de plus : 

un moyen de renversement de I'ecoulement du gaz afin de renverser la direction d'ecoulement dudit gaz reactif 
le long de la surface de iadlte electrode ; et 
40 un moyen d'activation selective afin d'activer selectivement un desdits moyens de renversement de I'ecoule- 

ment du gaz et desdits moyens de stoppage selon le degres d'empoisonnement de l'6lectrocatalyseur. 



16. Un proc6d6 generateur par pile a combustible pour g6n6rer une force electromotrice a travers une reaction elec- 
trochlmique d'un gaz reactant, ledit proc6d6 comprenant les stapes : 

45 

(a) fournir une Electrode ayant une surface avec un §lectrocatalyseur qui y est appliqu§, ledit gaz reactant 
etant fourni a une surface de ladite electrode pour causer ladite reaction 6lectrochimique ; 

(b) fournir un chemin d'ecoulement ayant une entree et une sortie afin de fournir ledit gaz reactant a ladite 
surface de ladite Electrode ; 

50 (c) d6tecter la difference de reactivity dudit eiectrocatalyseur entre lesdits entree et sortie du chemin 

d'ecoulement ; 

(d) annuler I'empoisonnement en variant ladite reaction electrochimique entre ladite entree et ladite sortie 
dudit chemin d'ecoulement base sur la difference detectee par un moyen de detection de la difference de 
reactlvlte pour annuler Tempoisonnement dudit eiectrocatalyseur. 

55 

17. Un precede selon la revendication 16, comprenant de plus les etapes de : 

(e) calculer un degres d'utilisation dudit gaz reactant d ladite electrode ; et 
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(f) prohlber I'annulation de rempoisonnement lorsque le degr^s d'utilisation dudit gaz reactant represente une 
insuffisance dudit gaz reactant. 

18. Un proc6de selon la revendication 16, dans lequel ladite etape (c) comprend I'etape de: 

5 (c-1 ) d6tecter une difference de temperature entre ladite entree et ladite sortie dudit chemin d'ecoulement. 

19. Un precede selon la revendication 16, dans lequel ladite etape (d) comprend I'etape de : 

(d-1) regler une direction d'ecoulement dudit gaz reactant afin d'y reduire ledit empolsonnement. 

10 20. Un proced6 selon la revendication 19, dans lequel ladite electrode est une premiere electrode et ou ledit precede 
comprend de plus les stapes de : 

(g) fournir une seconde Electrode ayant une surface ou est applique un 6lectrocatalyseur, un gaz oxydant 
etant apporte a une surface de ladite seconde electrode ; et 

dans tequel ladite etape (d) comprend i'etape de : 
15 (d-2) regler une direction d'ecoulement dudit gaz oxydant, rendant la direction d'ecoulement dudit gaz oxy- 

dant identique a la direction d'ecoulement dudit gaz reactant. 

21. Un precede selon la revendication 19, comprenant de plus les etapes de : 

(h) passer un liquide de refroidissement paralieie e la direction d'ecoulement dudit gaz reactant le long de 
20 la surface de ladite electrode ; et 

dans lequel ladite etape (d) comprend de plus I'etape de : 

(d-3) regler une direction d'ecoulement du conduit de refroidissement afin d'y reduire ledit empoisonnement. 



22. Un precede selon la revendication 16, comprenant de plus les etapes de : 
25 (i) reformer un combustible afm de generer ledit gaz reactant ; et 

dans lequel ladite etape (d) comprend de plus I'etape de : 

(d-4) abaisser de force une concentration de monoxyde de carbone incluse dans ledit gaz reactant. 

23. Un precede selon la revendication 22, dans lequel ladite etape (d) comprend de plus les etapes de : 

30 

{d-5) renverser la direction d'ecoulement dudit gaz reactant le long de la surface de ladite premiere electrode ; 
et 

{d-6) executer seiectivement I'une de ladite etape {d-4) et de ladite etape (d-5) selon le degres d'empoison- 
nement de I'eiectrocatalyseur. 

35 
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Fig. 5 
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GASEOUS FUEL CONTROL ROUTINE 



READ 1ST AND 2ND ELECTRODE TEMPERATURES 
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CLOSE 2ND AND 3RD SOLENOID VALVES 52, 53 
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Fig. 10 
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GASEOUS FUEL CONTROL ROUTINE 
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Fig. 12 
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CONTROL ROUTINE 



3 



READ 1ST AND 2ND ELECTRODE TEMPERATURES 
T1. T2 FROM TEMPERATURE SENSORS 61 AND 63 j 
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551, 654 & CLOSE 6TH AND 7TH SOLENOID 
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